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SDS-PAGE of protein aggregates
Embryos were collected at 24hpf, dechorionated and deyolked. For rotenone and 3-nitropropionic acid treatments embryos were exposed at 4hpf to a range of 5, 10, 15µg/L and 5, 10, 20mM respectively. Batches of 60 embryos were lysed in 300µL of cold buffer (50mM PBS pH7, 1mM EDTA, 5% Glycerol, 1mM PMSF, 0,5X Protease Inhibitors Roche). Total extracts were centrifuged at 3000 rpm at 4ºC for 5 minutes. Supernatants were centrifuged again at 13000 rpm at 4ºC for 20 minutes. The resulting pellets were washed with 320 µl of lysis buffer and 80 µl of 10% Triton-X 100 and centrifuged at 13000 rpm at 4ºC for 20 min. Detergent insoluble fractions were fractionated on 15% SDS-PAGE minigels which were stained with Coomasie brilliant blue R, scanned and analyzed using the Odyssey® IR scanner. Lane signals were normalized to the concentration of the total protein extracts determined by the BCA method. For the experiments using adult tissues, pools of three individuals were used per sample. Briefly, zebrafish were anesthetized, using tricaine, the collected organs were immediately frozen in liquid nitrogen and kept at -80ºC. Samples were lysed and processed as described above.
Measurement of protein carbonyls
Protein carbonyls were quantified by spectrophotometry using 2,4-dinitrophenylhydrazine (DNPH). 10 mM DNPH dissolved in 2 M HCl were added to 100 µl of soluble protein fraction. In parallel, a blank reaction was prepared by addition of 500 µl of 2M HCl solution containing no DNPH, both were incubated in the dark for 1 h at 20ºC. After 500µl of 20% trichloroacetic acid were added to the samples and blanks and incubated 15 min at 4°C. Samples were centrifuged at 10,000 g for 15 min at 4°C. Protein pellets were washed and dissolved in 1mL of 6 M guanidine hydrochloride and incubated for 30 min at 37°C. The amount of protein dinitrophenylhydrozone derivative was quantified by measuring the absorbance at 370 nm. Carbonyl contents were normalized per amount of protein and expressed as a function of control sample.
HSPB1 mCherry fusion reporter
The mCherry gene was cloned at BamHI and ClaI sites of the pT2AL200R150G vector [4] replacing the GFP gene. HSPB1 promoter [5] and coding region (without stop codon) were amplified from zebrafish genomic DNA and cloned sequentially at XhoI, SalI and Sal, BamHI sites of the pT2AL200R150G-mCherry vector. A mixture of the mCherry fusion reporter and mutant tRNA plasmids was injected in phenol red/KCl in one-cell stage embryos, and embryos were observed under an epifluorescence microscope Imager.Z1 (Zeiss), a mCherry and a GFP filter, AxioCam HRm camera (Zeiss) and AxioVision software (Zeiss).
Immunofluorescence
Immunofluorescence was carried out on 5-μm sections of paraffin-embedded formaldehyde fixed 5dpf zebrafish embryos. Antigen retrieval was done with Citrate buffer at 98ºC, for 30 minutes. Slides were washed several times with TBS-T and blocked with Ultra V Block (Thermo Scientific). All incubations were performed in a humidified container. Samples were incubated with primary antibody (Mouse anti Ubiquitin, Cell Signaling, 1:500 in Large Volume UltrAb Diluent -Thermo Scientific) for 18 hours at 4°C. An Alexa Fluor® 594 Goat AntiMouse (1:500) was used as the secondary antibody. Samples were mounted using DAPI Vectashield, and observed under an epifluorescence microscope Imager.Z1 (Zeiss), a Rhod and DAPI filter, AxioCam HRm camera (Zeiss) and AxioVision software (Zeiss).
Protein synthesis rate determination
Protein synthesis rate was determined using the non-radioactive puromycin based SUnSET method [6] . For this, 24hpf embryos injected with the mutant tRNAs were washed, dechorionated and incubated in 10 μg/ml of puromycin for 30 min at 28ºC. After incubation, cycloheximide was added to a final concentration of 100µg/ml. Embryos were then collected for western immunoblotting. Puromycin incorporation into proteins was detected by immunoblotting using the mouse IgG2a monoclonal anti-puromycin antibody (clone 12D10, 1:5000) [6, 7] . Blots were incubated overnight at 4°C in 5% low fat milk TBS-T.
Proteasome chymotrypsin-like activity assay
The proteasome chymotrypsin-like activity was assayed using the fluorogenic substrate peptide s-LLVY-MCA. Protein extracts were incubated at 37ºC in 200 µl of assay buffer (10 mM TrisCl, pH 8, 20 mM KCl 1M 5 mM MgCl 2 ), with 50M of s-LLVY-MCA (diluted in 10 % DMSO). Reactions were started by the addition of s-LLVY-MCA and fluorescence of the proteolytically released MCA was quantified at time 0 and 60 minutes. Fluorescence was recorded using a microplate reader Infinite®200 Tecan at 435 nm emission (excitation at 365 nm). Final activity was calculated as fluorescence emission at time 60 min subtracted from fluorescence emission at time 0 min relative to control [8, 9] .
Total RNA extraction Total RNA was extracted using Trizol® according to the manufacturer instructions. Briefly, 200 24hpf embryos were collected, dechorionated and stored at -80ºC. Frozen embryo pellets were ressuspended in 1ml of Trizol® and RNA was extracted following the manufacturer's protocol. To remove contaminating DNA, samples were treated with DNAseI (Fermentas) following the manufacturer instructions and stored at -80ºC. RNA was quantified using the Nanodrop 1000 Spectrophotometer (Thermo Scientific) and its quality was verified using the Agilent 2100 Bioanalyzer.
Gene expression microarrays
Gene expression profiling was performed using the Agilent protocol for One-Color MicroarrayBased Gene Expression Analysis Quick Amp Labeling v5.7 (Agilent Technologies). Briefly, cDNA was synthesized from 600ng of total RNA using Agilent T7 Promoter Primer and T7 RNA Polymerase Blend and labeled with Cyanine 3-CTP. Labeled cDNA was purified with RNAeasy mini spin columns (QIAGEN) to remove residual Cyanine 3-CTP. Dye incorporation and quantification was monitored using the Nanodrop 1000 Spectrophotometer. Agilent zebrafish (v2) microarrays were hybridized with 1,65 μg of labeled cDNA. Hybridizations were carried out using Agilent gasket slides in a rotating oven for 17hr at 65ºC. After hybridization, microarrays were washed using the wash procedure with stabilization and drying solution following the manufacturer recommendations (Agilent). Slides were immediately scanned using an Agilent G2565AA microarrays scanner (Agilent).
Microarray data extraction and analysis
Probes signal values were extracted from microarray scan data using Agilent Feature Extraction Software (Agilent). The microarray raw data was submitted to the GEO database and has been given the following accession number: GSE50090. Data were normalized using median centering of signal distribution with Biometric Research Branch BRB-Array tools v3.4.o software. Microarray data analysis was carried out with MEV software (TM4 Microarray Software Suite) [2, 3] . A t test p˂0,05 was applied to identify genes that showed statistically significant differences in expression between control (embryos injected with the endogenous tRNA) and mutant tRNA samples. A general GO term enrichment analysis for total gene lists for all the mutants was carried out using a hypergeometric test in GeneCodis 2.0 [10, 11] .
Real-time quantitative PCR
Quantification of gene expression was carried out using Power SYBR® Green PCR Master Mix. Total RNA was extracted using Trizol® and treated with DNAseI. cDNA was prepared from 1µg of total RNA using Superscript II (Invitrogen) following the manufacturer´s instructions. Real-time Quantitative PCR was carried out using the ABI Prism 7500 Sequence Detector System (Applied Biosystems). qPCR reactions were performed with cDNA 1:4 diluted in nuclease-free water in reactions containing 2µL of cDNA template, 0,4µL 10µM forward and reverse primers, 10µL of Power SYBR® Green PCR Master Mix and 7,2µL of nuclease-free water. PCR reactions were carried out at 95ºC for 10min, 95ºC for 15s and 60ºC for 60s with 39
repetitions. All primer sets (Supplementary Table 7) were tested for amplification efficiency using standard dilution curves. The threshold cycle data (CT) and baselines were determined using auto settings. All assays, including no template controls, were performed in triplicate and relative quantification of gene expression was calculated by the 2 −ΔΔCT method with primer efficiency correction [12, 13] where the control sample microinjected with the endogenous serine tRNA. All analysis were carried out using REST-MCS tool [13] . Quantification of mitochondrial DNA was carried out using Power SYBR® Green PCR Master Mix. DNA was extracted using Qiagen Genomic-tip 20/G and Qiagen DNA Buffer Set following the manufacturer´s instructions [14] . The NADH dehydrogenase 1(ND1) gene of the mtDNA and the α-tubulin gDNA gene were amplified by qPCR (ABI 7500 Fast Real-Time PCR System). The ND1 primers were Nd1_Fw 5'-GTAGCTGATGGCGTGAAACT-3' and Nd1_rev 5'-GGTCGAGTACTGGATAGGG-3'. Real-time Quantitative PCR was carried out using the ABI Prism 7500 Sequence Detector System (Applied Biosystems). qPCR was performed with 10ng of DNA diluted in nuclease-free water in reactions containing 2µL of DNA template, 0,4µL 10µM forward and reverse primers, 10µL of Power SYBR® Green PCR Master Mix and 7,2µL of nuclease-free water. PCR reactions and data analysis were carried out as described above. xbp1 semi quantitative real-time PCR RNA extraction and cDNA synthesis were carried out as described above. Primers for the zebrafish xbp1 that were used in semi-quantitative RT-PCR were XBP1FW 5'-GTTCAGGTACTGGAGTCCGC-3' and XBP1RV: 5'-CTCAGAGTCTGCAGGGCC AG-3' [15] . Tubulin was used as an internal control. PCR products were analysed by electrophoresis on a 3% agarose gel and stained with ethidium bromide.
Supplementary
Dihydroethidium assay
Superoxide levels were determined in dechorionated 24hpf live zebrafish embryos in 96-well black plates. Briefly, embryos were washed in system water, distributed 20 per well and incubated in 200µL of 10µM dihydroethdium (Sigma-D11347) also in system water. Incubation was carried out in the dark at 28ºC for 30 minutes. The average fluorescence emission at 600 nm following excitation at 530 nm was detected using a microplate reader Infinite®200 Tecan. Distribuition of superoxide in the embryos was documented using an epifluorescence microscope Imager.Z1 (Zeiss), a Rhod 20 filter, AxioCam HRm camera (Zeiss) and AxioVision software (Zeiss). Embryos were prepared following the same workflow used for the fluorimetric mesurements. After DHE incubation embryos were immediately washed and mounted on 3% methylcellulose with a drop of vectashield.
Hydrogen peroxide detection
Detection of hydrogen peroxide on 24hpf zebrafish embryos was carried out with the Amplex® Red Hydrogen Peroxide/Peroxidase Assay kit (Molecular Probes®) following manufacturer's instructions. Batches of 30 embryos were dechorionated, deyolked and homogenized in phosphate-buffered saline (PBS; pH 7.4). 50µl of embryo lysates were used and incubated with 50 µl of a working solution of 100 μM Amplex® Red reagent and 0.2 U/mL HRP. Incubations were carried out at room temperature in the dark for 30 mins. Absorbance was measured in a microplate iMark® BioRad reader at 560nm. Samples were normalized with protein concentration determined by the BCA method, and were expressed relative to control sample.
Catalase activity detection
Detection of catalase activity in 24hpf zebrafish embryos was carried out using the Amplex® Red Catalase Assay Kit (Molecular Probes®) following manufacturer's instructions. Briefly, batches of 30 embryos were dechorionated, deyolked and homogenized in 1X Reaction buffer. 50µl of embryo lysates were incubated with 50 µl of a working solution of 100 μM Amplex® Red reagent and 0.4 U/mL HRP. Incubations were carried out at room temperature in the dark for 30 mins. Absorbance was quantified in a microplate iMark® BioRad reader at 560nm. Samples were normalized with protein concentration determined by the BCA method and are expressed relative to control sample.
